Risk factors for neonatal seizures were evaluated in 116,048 infants born between 1992 and 1994 to residents of Harris County, Texas; 207 of these infants were diagnosed with clinical neonatal seizures. Information was obtained from the infant's birth certificate to assess the relation between seizures and birth weight, gender, ethnicity, place of birth, mother's age, method of delivery, parity, and multiple births. These factors were evaluated by univariate and multivariate analysis using logistic regression. For preterm infants, a birth weight of <1,500 g was the strongest risk factor (relative risk (RR) = 9.1, 95% confidence interval (CI): 4.7, 17.5), followed by birth in a private/university hospital (RR = 2.8, 95% CI: 1.5, 5.0) and male gender (RR = 1.8, 95% CI: 1.0, 3.4). For term infants, significant risk factors included birth by cesarean section (RR = 2.2, 95% CI: 1.5, 3.2), small birth weight for gestational age (RR = 1.9, 95% CI: 1.2, 2.9), birth in a private/university hospital (RR = 1.8, 95% CI: 1.1, 3.0), and maternal age of 18-24 compared with 25-29 years (RR = 1.6, 95% CI: 1.1, 2.3). Birth by assisted vaginal delivery and primiparity were marginally significant for term infants. Birth weight is a significant risk factor for neonatal seizures. Recent population-based estimates of the incidence of neonatal seizures range from 1.0 to 3.5 per 1,000 livebirths ( (1-3) ; A. Hauser, Mayo Clinic, personal communication, 1996). Information is limited on risk factors for neonatal seizures in light of advancements in obstetric and neonatal care over the last decade. Most of the published studies are restricted to referral series, term infants, seizures occurring within the first 3 days of life, or specific seizure etiologies (4-8). The only two known published case-control studies on risk factors for neonatal seizures indicate a role for antepartum and intrapartum factors (5, 7). In a populationbased study, Minchom et al. (7) reported the following factors to be significant for seizures occurring in term infants within the first 48 hours of birth: nulliparity, hydramnios, post-term pregnancy, oxytocin augmentation of labor, fetal distress, prolonged second stage of labor, emergency cesarean section, assisted vaginal delivery, low Apgar score, resuscitation at delivery, and subsequent ventilatory support.
Recent population-based estimates of the incidence of neonatal seizures range from 1.0 to 3.5 per 1,000 livebirths ((1-3); A. Hauser, Mayo Clinic, personal communication, 1996) . Information is limited on risk factors for neonatal seizures in light of advancements in obstetric and neonatal care over the last decade. Most of the published studies are restricted to referral series, term infants, seizures occurring within the first 3 days of life, or specific seizure etiologies (4) (5) (6) (7) (8) . The only two known published case-control studies on risk factors for neonatal seizures indicate a role for antepartum and intrapartum factors (5, 7) . In a populationbased study, Minchom et al. (7) reported the following factors to be significant for seizures occurring in term infants within the first 48 hours of birth: nulliparity, hydramnios, post-term pregnancy, oxytocin augmentation of labor, fetal distress, prolonged second stage of labor, emergency cesarean section, assisted vaginal delivery, low Apgar score, resuscitation at delivery, and subsequent ventilatory support.
These factors were not evaluated in multivariate analysis. Similarly, in a hospital-based case-control study, Patterson et al. (5) reported that, on multivariate analysis, antepartum anemia, antepartum bleeding, asthma, meconium-stained amniotic fluid, presentation other than occiput anterior, fetal distress, and shoulder dystocia were significant for seizures in term infants within the first 72 hours of birth.
We conducted this study to evaluate risk factors for clinical neonatal seizures ascertained within a large and ethnically diverse, geographically defined population. Because the risk of neonatal seizures varies significantly for term and preterm infants (1, 9) , risk factors were assessed separately for each group.
MATERIALS AND METHODS
The design and methods of this investigation have been described previously (1) . In brief, incident cases of neonatal seizures were ascertained in infants born between September 1992 and August 1994 to residents of Harris County, Texas. Cases were identified from discharge diagnoses at birthing hospitals in Harris and adjacent counties, from birth certificates, from death certificates, and from a clinical study of neonatal seizures conducted concurrent with this study at Texas Children's Hospital, a large tertiary care center in Houston, Texas. The medical records of all potential cases were reviewed by one of the authors (R. S.). Infants were included in the study if the transcribed description of the clinical seizure event in the medical record (reviewed by E. M.) was consistent with the various types of clinical seizures pro-posed by Volpe (9) and by Mizrahi and Kellaway (10) . To ascertain seizures at equivalent conceptional ages for preterm and term infants, the neonatal period was defined as the first 28 days of life for term infants and up to 44 completed weeks of conceptional age for preterm infants. A total of 207 cases of clinical seizures were thus ascertained in 116,048 livebirths, resulting in an incidence of 1.8 per 1,000 livebirths (1).
All 207 ascertained cases were linked to their birth certificate records to compare birth certificate information for infants with and without seizures. The linkage was done by using a computer program and was verified manually. Information used in this analysis included birth weight (grams), gestational age at birth based on the date of the mother's last menstrual period (LMP), mother's ethnicity, mother's age, parity, method of delivery, multiple births, hospital of birth, and place of birth (home vs. hospital). For seven cases, the LMP estimate of gestational age was missing from the birth certificate. For six of these infants, the clinical estimate of gestational age was available on the birth certificate and was substituted for the LMP estimate.
Infants coded on their birth certificates as born before 20 or after 44 completed weeks of gestation (1.9 percent of all births, including 7/207 cases) were excluded from the analysis because of the inaccuracies associated with LMP estimates of gestational age outside this range (11) . In addition, infants whose birth weight was unknown (1.4 percent of all births, including 6/207 cases), whose gestational age was unknown (7.1 percent of all births, including 1/207 cases), or whose birth weight was implausible for gestational age (0.5 percent of all births, including 4/207 cases) were excluded from the analyses involving both birth weight and gestational age. Ranges of plausible birth weight for gestational age were adopted from Alexander et al. (12) . These ranges were based on distributions of gestational age for birth weights grouped into 125-g intervals for 3,808,689 singleton livebirths in the United States in 1991. After all exclusions, the analysis was performed on 89 percent of all livebirths, including 91.3 percent (189/207) of the cases of neonatal seizures. The findings were similar when the analysis was conducted by using all available data, irrespective of the exclusions described above.
Preterm birth was defined as any birth occurring before 37 weeks of gestation, term birth as occurring between 37 and 41 completed weeks of gestation, and post-term birth as occurring between 42 completed weeks and 44 weeks of gestation. Very low birth weight was defined as less than 1,500 g.
Among term infants, the effect of birth weight on the risk of neonatal seizures was evaluated on the basis of whether the infant was small, appropriate, or large for gestational age. Infants were classified as small for gestational age if their birth weight was less than the 10th percentile for gestational age and as large for gestational age if their birth weight was more than the 90th percentile for gestational age. The remaining infants were considered appropriate for gestational age. These percentiles were based on ethnic-, gender-, and parity-specific birth weights for each gestational age between 25 and 42 weeks for 3,427,009 infants born in the United States in 1989 (13) . Similar analysis was not performed for preterm infants because of the inaccuracy associated with estimating gestational age in this group of infants (11, 14) . Level I, II, and III nurseries were defined according to American Academy of Pediatrics guidelines (15) .
Significant risk factors for neonatal seizures were identified by univariate analysis on the basis of the relative risk estimates and 95 percent confidence intervals calculated by using the Cornfield method (16). Logistic regression analysis was performed to evaluate the independent effects of the risk factors identified as significant by univariate analysis or reported as such in the literature. Given that neonatal seizures are rare, the odds ratios derived from logistic regression analysis are a close approximation of the relative risk estimates. Associations were considered significant if the 95 percent confidence interval around the relative risk estimate did not contain 1 and marginally significant if the lower limit of the confidence interval was 0.9-1.0. Stata 5.0 statistical software was used for the analysis (17) .
RESULTS

Preterm infants
For preterm infants, the risk of clinical seizures increased with decreasing birth weight and ranged from 0.8 per 1,000 livebirths for infants weighing 3,500 g or more to 23.4 per 1,000 livebirths for those weighing less than 1,500 g (table  1 ). For infants weighing less than 1,500 g, we observed a significantly lower risk for those born to White mothers (6.8 per 1,000 livebirths (2/294)) than for those born to Black mothers (31.5 per 1,000 livebirths (14/445)), Hispanic mothers (27.2 per 1,000 livebirths (7/257)), or mothers of other ethnicity (33.3 per 1,000 livebirths (1/30)) (relative risk (RR) for White vs. non-White ϭ 0.2, 95 percent confidence interval (CI): 0.05, 1.0). This effect was independent of hospital of birth. The ethnic-specific distribution of birth weight and gestational age among infants weighing less than 1,500 g did not account for these differences either. There were no ethnic differences in the incidence of seizures among preterm infants weighing 1,500 g or more (data not shown).
Univariate analysis showed that preterm infants delivered at a level III private/university hospital and those delivered at a level III community hospital were at a significantly higher risk than infants delivered at hospitals with a level II nursery (RR ϭ 9.5, 95 percent CI: 3.3, 27.1 and RR ϭ 4.8, 95 percent CI: 1.5, 15, respectively). Home birth was associated with a substantially high risk: 32.5 per 1,000 livebirths (2 of 46 home births). Both infants who were born at home and had seizures weighed less than 1,500 g and were born before 33 weeks of gestation. Information was not available to verify whether the home deliveries were planned as such. Preterm infants delivered by cesarean section had an increased risk for seizures compared with those born by spontaneous vaginal delivery (RR ϭ 1.8, 95 percent CI: 1.1, 3.2), and male infants were 1.8 times as likely to have seizures (95 percent CI: 1.0, 3.1). No significant asso-ciation was found between seizures and mother's age, parity, or multiple births (table 2) .
In multivariate analysis, birth weight, gender, and birth in a level III private/university hospital remained significant risk factors after adjustment for confounding, whereas birth in a level III community hospital and birth by cesarean section were no longer significant and were dropped from the final model. The risk associated with birth in a level III private/university hospital was lower in multivariate analysis. This finding indicates that the high risk found in univariate analysis can partly be explained by other factors retained in the final model. Although home birth was associated with a high risk in univariate analysis, it was not considered in multivariate analysis because of the low level of precision associated with this estimate (95 percent CI: 6.1, 173.3 (table 2)).
Term infants
For term infants, those who were small for gestational age were about two times as likely to have seizures as infants who were appropriate for gestational age (RR ϭ 1.8, 95 percent CI: 1.2, 2.9). This effect was consistent across ethnic groups (data not shown). Post-term infants had the same risk of seizures as term, appropriate-for-gestational-age infants (table 1) .
In univariate analysis, significant risk factors (table 3) included cesarean section compared with spontaneous vaginal delivery (RR ϭ 2.0, 95 percent CI: 1.4, 2.9) and maternal age of 18-24 compared with 25-29 years (RR ϭ 1.7, 95 percent CI: 1.1, 2.7). Birth in a hospital with a level III nursery (private/university, public/university, or community hospital) in comparison with a level II nursery, primiparity, and male gender were only marginally significant risk factors in univariate analysis. The increased risk associated with primiparity (RR ϭ 1.5, 95 percent CI: 1.0, 2.1) was consistent across mothers' age groups (data not shown). Assisted vaginal delivery was not associated with a significantly higher risk when compared with spontaneous delivery (RR ϭ 1.6, 95 percent CI: 0.8, 2.9); however, it was evaluated in multivariate analysis because of significant findings reported in the literature in addition to biologic plausibility. Multiple births were not considered in this analysis, because all term infants with seizures were singletons.
The effects of birth weight, hospital of birth, maternal age, cesarean section, assisted vaginal delivery, and primiparity did not change substantially by multivariate analysis after adjustment for confounding. Gender was no longer a significant risk factor and was excluded from the final model. Although birth in a level III public/university or community hospital, birth by assisted vaginal delivery, and primiparity remained only marginally significant, they were retained in the final model as potential prognostic factors to be evaluated in further studies.
DISCUSSION
Our data show that birth weight is a risk factor for clinical neonatal seizures in both preterm and term infants. For preterm infants, the risk of seizures increased significantly with decreasing birth weight; for term infants, those who were small for gestational age were two times as likely to have seizures as those whose birth weight was appropriate for their gestational age. Forty-six percent (11/24) of seizures in term, small-for-gestational-age infants in our study occurred within the first 2 days of life. This finding is consistent with the McIntire et al. (18) data showing a twofold incidence of seizures occurring during the first 24 hours of life in 82,361 term infants weighing less than the 11th percentile for their gestational age and with Minchom et al. (7), who reported an odds ratio of 2.6 (95 percent CI: 0.9, 6.3) for seizures occurring within the first 48 hours of life in "light-for-dates" term infants. The substantially increased risk of seizures among preterm infants weighing less than 1,500 g is not surprising, because these infants are at high risk for intraventricular hemorrhage and encephalopathy, which are frequently seen in conjunction with seizures (9, 10, 19) . We observed a significantly lower risk for very low birth weight infants born to White mothers compared with those born to Black mothers, Hispanic mothers, or mothers of other ethnicity. To the best of our knowledge, there are no published reports whose findings can be compared with ours. The observed ethnic discrepancy was independent of birth weight, gestational age, or hospital of birth, and it was unlikely to be due to differential underascertainment based on ethnicity. However, it might be partly explained by the higher neonatal mortality of White, very low birth weight infants compared with other infants, which has been reported both nationally (20) (21) (22) and for the state of Texas (23) . With higher mortality, the opportunity for occurrence of seizures might be reduced. Data collected for this study were not sufficient to evaluate this effect, and validation of our findings requires further studies.
While this study found a higher risk of clinical seizures for preterm compared with term infants, it did not address whether the seizures were epileptic (i.e., hypersynchronous cortical neuron discharges) or nonepileptic (i.e., subcortical mechanisms or brainstem release phenomenon) in origin. It also did not address the gestational age at which the premature brain begins to generate typical epileptic seizures (10, 24). A recent prospective study of clinical seizures in very low birth weight infants documented by electroencephalographic-video monitoring found that almost all of the seizure types were not associated with simultaneously recorded electroencephalographic seizure activity (the hallmark of an epileptic seizure) and were best characterized as myoclonus (25, 26) . Thus, while the current study indicates an increased incidence of clinical seizures in preterm infants, it does not support the notion of increased epileptogenesis in this group. Birth in a level III private/university hospital was independently associated with an increased risk of seizures for both preterm and term infants. Factors that could explain this higher risk include referral of high-risk pregnancies, longer periods of surveillance, and more-consistent identification and documentation of neonatal seizures, especially in preterm infants in whom neonatal seizures are not easily recognized (9) . This increased risk could also be due to relatively better survival rates for high-risk infants in level III nurseries compared with other nurseries. Delineation of the role of these and other factors in the increased risk of seizures observed in level III private/university hospitals warrants further evaluation.
For term infants, birth by cesarean section was associated with a twofold risk compared with birth by sponta- We limited our analysis to factors that have been shown to be reliable on birth certificates. These factors included mainly demographic characteristics. Information regarding pregnancy and delivery complications, although relevant, was not considered in our study because of the low reliability of birth certificate information reported for these factors (27, 28). By using the same source of information for infants with and without seizures, we minimized the chance of misclassifying exposure differently for these two groups. Therefore, if misclassification of exposure occurred, we expect that it was nondifferential. This type of bias usually results in underestimation of the magnitude of the associations and, if present, would suggest that the associations reported here are even stronger.
In conclusion, this study confirmed the effect of low birth weight on the risk of clinical neonatal seizures in preterm and term infants. The association of seizures with the method of delivery, and birth in hospitals with a level III nursery, indicate the need for further evaluation of the role of labor and delivery complications in the risk of neonatal seizures in light of current neonatal care. 
